Bovine leptospirosis is caused by Leptospira interrogans serovar hardjo subtype hardjobovis (referred to as subtype hardjobovis) and is classified as a zoonosis. Because the organism persists in the kidneys and genitals without clinical signs of disease (6) , carrier cows often excrete leptospires in their urine. Such cattle are an important source of infection, not only for other cows, but also for dairy farm workers and other people (19) .
Although culture techniques can be used to detect leptospires in urine, these techniques are slow and laborious. For that reason, many important aspects concerning subtype hardjobovis infections, for example, excretion patterns of the bacteria in bovine urine and the effectiveness of medication, have been insufficiently investigated. The polymerase chain reaction (PCR) can rapidly and sensitively detect leptospires, but its use has been limited because no reliable sample preparation method has been available.
Various investigations have described PCR assays to detect microorganisms in urine (1, 7, 9, 13, 14) , other bodily fluids (5, 8, 10, 15, 16) , or water (3) . Van Eys et al. (17) described a sample preparation method to detect subtype hardjobovis DNA in bovine urine by PCR. This method was tested primarily on bovine urine samples collected sterilely from the bladder. When this method was used to prepare urine samples collected in the field, the detection of subtype hardjobovis DNA by PCR was not reproducible.
In the present study, we developed an improved method for preparing bovine urine samples collected nonsterilely from the bladder and evaluated its use in the PCR for detecting leptospiral DNA.
MATERIALS AND METHODS
Bacterial strains and growth conditions. Subtype hardjobovis from the urine of experimentally infected cows was cultured by the method described by Kuiken et al. (12) .
Urine samples. Urine samples were collected from 100 cows that were serologically negative for subtype hardjobovis and housed on two different farms where subtype hardjobovis was not present, 4 cows that were experimentally infected with subtype hardjobovis, and 2 cows that were used as negative controls. A 5-ml amount of the diuretic Dimazon (Hoechst) was administered intravenously to each cow. About 10 min later, after the vulva of each cow was cleaned with tap water so that feces would not contaminate the urine, a 100-ml midstream sample of urine was collected.
Specificity of the primers. The primers used in the PCR test were described by Van Eys et al. (17) . In the present study, their specificity was tested by subjecting 12 nonleptospiral microorganisms that may be contained in cattle urine (18) , L. biflexa serovar patoc, and three subtype hardjobovis strains to PCR (Table 1) . Individual colonies of the 12 nonleptospiral microorganisms were selected and suspended in 1 ml of bovine urine containing no leptospires to a cell density of >103/ml. The leptospiral strains were suspended likewise and to the same cell density. The cells were washed once with 1 mM EDTA (pH 8.0) and once with sterilized water, and the DNA was then recovered as described below. An amount of 10 ,ul of the resulting extract was subjected to PCR.
Recovery of DNA. A 40-ml amount of each urine sample was poured into a 50-ml tube containing 10 13 ,000 x g for 20 min, after which 9 ml of supernatant was removed. The pellet was resuspended in the remaining solution and transferred into a 1-ml tube with a screw cap (Starstedt). The resulting 1-ml suspension was centrifuged for 10 min at 13,000 x g, after which the supernatant was removed by a glass pipette, leaving behind about 100 il1 of fluid. The pellet in this fluid was washed twice, once with 1 ml of 1 mM EDTA (pH 8.0) and once with 1 ml of water. In both cases, the 1-ml suspension was centrifuged for 10 min at 13,000 x g, after which the supernatant was removed, leaving behind about 100 tl of fluid. The final remaining 100 jxl was vortexed, and the DNA was released by incubating the samples for 10 min at 100°C. The samples were then either stored at -20°C or subjected to PCR.
PCR. A 25-pul amount of each prepared urine sample was subjected to PCR in a total volume of 50 pl. The reaction mixture contained 10 mM Tris hydrochloride (pH 9.0), 50 mM KCl, 2 mM MgCl2, 0.1 mM each of the four deoxynucleotide triphosphates (Pharmacia), 100 pM primers (16), 0.5 U of Taq DNA polymerase (Perkin-Elmer, Cetus), and 0.01% (wt/vol) gelatin. The mixtures were covered with 50 pul of mineral où, placed in an automatic PCR processor (Cetus), and subjected to 36 5-min cycles, each consisting of denaturation for 1 min at 94°C, annealing of primers for 1 min at 55°C, and extension for 3 min at 72°C. A final 37th cycle was identical, except that the extension step lasted 10 min instead of 3 min. PCR products were analyzed by gel electrophoresis (17) .
Sensitivity and semiquantification. A Hawksley-England counting chamber was used to count subtype hardjobovis cells.
Serial twofold dilutions of subtype hardjobovis cells were made in 10 ml of subtype hardjobovis-free urine (100, 50, 25, 10, 5, and 0 cells per ml). DNA was recovered as described above, and 25 pul of the resulting extract was subjected to PCR.
For the quantification of leptospires in urine samples, 10-pul samples were diluted in 40 of water after DNA was recovered as described above. From this point on, serial twofold dilutions were made by diluting 25 pul of each dilution in 25 pil of water. The total volume was subjected to PCR.
Experimentally induced infections. All cattle were intraocularly inoculated in each eye with 0. Blood samples (10 ml) and urine samples (100 ml) were collected twice weekly from each cow for 3 months. The blood samples were tested by the enzyme-linked immunosorbent assay (ELISA) as described earlier (2) and by the microscopic agglutination test. The urine samples were collected and assayed by PCR for the presence of subtype hardjobovis DNA as described above.
RESULTS
Specificity of the PCR assay. The specificity of the primer set used in the PCR was tested with microorganisms that might be contained in bovine urine. The PCR only amplified DNA from the three subtype hardjobovis strains (Table 1) .
Positive control. To detect false-negative results, we introduced a positive control for each urine sample. Each urine sample was divided into two 10-ml portions and one was routinely seeded with 50 subtype hardjobovis cells per ml. All positive control samples from all tested urine samples (about 300) reacted positively. These findings suggested that the DNA of 50 subtype hardjobovis cells per ml of urine could reproducibly be amplified by PCR when our sample preparation method was used.
Evaluation of the sample preparation method. By using the improved sample preparation method, we obtained ethidium bromide-stained amplified DNA fragments on an agarose gel from urine samples containing as few as 5 to 10 subtype hardjobovis cells per ml of urine (Fig. 1) .
Results of the PCR were considered reliable because of the following: (i) all experimentally infected animals became PCR positive, which was confirmed by culturing; (ii) both negative control animals remained PCR negative during the whole observation period; (iii) all positive control urines were always PCR positive (Table 2) ; and (iv) we were able to obtain identical results from collected urine samples tested in duplicate (results not shown).
To test whether the reliability of the PCR assay was influenced by variations in individual urine samples, we tested 100 different samples collected under field conditions from cows that were free of subtype hardjobovis. All Most samples show an ethidium bromide-stained band below the specific subtype hardjobovis band (240 bp) on a gel ( Fig. 2 and 3 ). This lower band represents unused primers, and thus the intensity of this band varied among the samples. In addition, blood and urine samples were collected from experimentally infected cows (Table 2) . Before infection, these samples were serologically and PCR negative. At 18 days after infection, however, all blood and urine samples were serologically and PCR positive. At 21 days after infection, the results of the PCR were confirmed by culturing these urine samples so that false-positive results were excluded. Although samples from two cows (no. 791 and no. 789) were PCR negative but serologically positive at day 84 and 91, respectively, false-negative PCR results were excluded because the positive controls of these samples (seeded with 5 or 50 subtype hardjobovis cells per ml) reacted positively in the PCR (Fig. 2) . These findings indicate that these samples contained fewer than 5 subtype hardjobovis cells per ml of urine or none at all. Subtype hardjobovis DNA was detected in urine samples for 66 days or longer. The two negative control cows remained negative during the whole observation period.
Evaluation of a semiquantitative method to detect leptospires. Urine samples were seeded with various amounts of leptospires to determine the accuracy of the semiquantitative method (results not shown). There was a direct correlation between the intensity of the ethidium bromide-stained DNA bands and the number of leptospires contained in the final reaction mixture (Fig. 1) . The ethidium bromide-stained band with the lowest intensity represented amplified DNA fragments derived from the DNA of 10 to 20 organisms contained in the PCR mixture (Fig. 1) . In addition to the seeded urine samples, eight urine samples collected from two experimentally infected cows (no. 789 and no. 790) were also examined by the semiquantitative method (Fig. 3) . The numbers of subtype hardjobovis cells shed by both cows increased during the infection. The shedding of subtype hardjobovis peaked on day 53 after infection at 4 x 104
Although the PCR can rapidly and specifically detect DNA even in very small numbers of microorganisms, its use for detecting leptospires in bovine urine samples has been limited because of the lack of a proper method for preparing the samples.
We improved the urine sample preparation method described by Van Eys et al. (17) in four ways, so that when the samples were tested by PCR, results were specific and reliable even from urine samples containing as few as 5 to 10 subtype hardjobovis cells per ml of urine. First, the volume of the sample was increased from 1 to 10 ml, which greatly enhanced the reproducibility of our (7), the use of Geneclean (17) , and the use of silica particles or diatoms (4), they can allow small amounts of DNA to be lost and thus decrease the sensitivity and reproducibility of the PCR results. These techniques have the additional drawback of being more laborious than the method described in this article and often involve the use of noxious chemicals.
Because culturing leptospires is laborious, slow (at least 6 months must elapse before a sample can be confirmed to be leptospire negative), and probably less sensitive than the PCR, we introduced a positive control to detect false-negative results and to be able to exclude culturing (see Results). Because the method was less sensitive in the beginning of the experiment, we routinely used 50 subtype hardjobovis cells per ml of urine as a positive control instead of the 5 subtype hardjobovis cells per ml of urine which can be detected now.
Urine samples stored as long as 1 month at 4°C in EDTA-formaldehyde continued to yield positive results. Storing samples at -20°C and freeze-thawing them had no effect on the amplification of DNA. These are considerable improvements over the culturing technique, which must be performed immediately after samples are collected.
Leptospires shed by experimentally infected cattle were also reproducibly detected. Furthermore, we were able to estimate for the first time the concentration of subtype hardjobovis in the urine samples. Because the concentration of leptospires in urine is probably volume dependent, variations in diuresis should be considered.
Because of the enormous quantities of subtype hardjobovis shed by infected cattle, future research must focus on how to prevent shedding. The experimentally induced infections suggest that the serologic response is correlated with the amount of Leptospira cells shed. This possibility should be verified by testing a larger number of cattle.
The sample preparation method described in this article enables us to use the PCR to reliably detect subtype hardjobovis in bovine urine. This rapid, sensitive, and specific assay paves the way for studying patterns in shedding and assessing the efficacy of vaccination or antibiotics in the treatment of bovine leptospirosis.
